Na-loading single frog atrial cells produce changes in membrane currents that are similar to the creep currents originally observed in Na-loaded cardiac Purkinje fibers. Exposure to the Na ionophore, monensin, was used to induce creep currents in isolated atrial cells. The sensitivity of myocardial creep currents to three compounds that have been shown to be inhibitors of Na-Ca exchange flux activity in isolated sarcolemmal vesicles was assessed. Dodecylamine, quinacrine, and the amiloride analog, 3',4'-dichlorobenzamil block creep currents at concentrations well below those required to block Nadependent Ca uptake in sarcolemmal vesicles. The estimated Ki's for inhibition of myocardial creep currents were 3/AM for dodecylamin, 10>m for quinacrine, and 4fiM for 3,4-dichlorobenzamil. The sensitivity of creep currents to these compounds is consistent with the hypothesis that creep currents may represent the electrogenic activity of a Na-Ca exchange carrier. In an additional series of experiments, the relative specificity of these compounds was tested by examining their effects on myocardial membrane channels. Both dodecylamine and 3,4-dichlorobenzamil were found to inhibit myocardial Ca and K currents over the same range of concentrations in which block of exchange activity occurs. These results seriously question the use of these exchange carrier inhibitors as selective experimental probes for defining the role of Na-Ca exchange in various physiological processes.
I NCREASING evidence in recent years as implicated the involvement of a Na-Ca countertransport mechanism in the inotropic actions of a variety of agents and interventions in the heart. Reuter and Seitz 1 postulated the existence of such a countertransport mechanism a number of years ago, and subsequent data have provided strong circumstantial evidence that such a mechanism may represent an important regulator of intracellular Ca. Conditions that promote an elevation of intracellular Na are believed to result in an augmentation of intracellular Ca via a sarcolemmal Na-Ca exchange carrier. Alternatively, a Na-Ca countertransport mechanism has also been implicated in Ca efflux and maintenance of low resting levels of intracellular Ca. 2 The ability of such a countertransport carrier to produce both increases as well as decreases in intracellular Ca has been explained within the context of different modes of operation: a reverse mode that is stimulated by increases in intracellular Na and results in enhanced Ca influx, and a forward mode that is stimulated by increases in intracellular Ca and results in enhanced Ca efflux. The major factor that determines the direction of Ca flux is believed to be a combination of transmembrane gradients for Na and Ca and membrane potential. 3 Recent mathematical models of Na-Ca exchange 34 assume that the carrier is voltage dependent and electrogenic, i.e., capable of generating transmembrane ionic current. However, the most convincing evidence for electrogenicity in the heart comes from flux studies in isolated sarcolemmal vesicle preparations. 5 " 8 There is also evidence of electrogenicity from studies of intracellular ion activities in intact myocardial preparations. 69 " 12 Despite this evidence of electrogenicity, direct measurements of such an ionic current have remained elusive. Evidence that allows a particular membrane current measured using voltage-clamp techniques to be unambiguously identified with electrogenic Na-Ca exchange has not yet been obtained in any intact cardiac cell preparation.
Two brief reports have recently appeared that describe experiments aimed at identifying electrogenic Na-Ca exchange currents in isolated mammalian myocytes. 1415 We have attempted recently to identify such a current in enzymatically dispersed single frog atrial myocytes by examining changes in membrane currents produced by Na-loading atrial cells. 16 Na-loading produces changes in membrane currents that resemble "creep currents" originally identified in cardiac Purkinje fibers after exposure to strophanthidin 17 or low K solutions. 18 In contrast to many mammalian cardiac preparations, Na-loading frog atrial cells induces creep currents without accompanying transient inward currents (TI's). An examination of the properties of creep currents in single frog atrial cells 1920 reveals a) that they are unlikely to be generated by typical voltagegated membrane channels or by an electrogenic Na,Kpump, b) they may be importantly involved in the regulation of tonic tension, and c) creep current reversal potential measurements are consistent with recent mathematical models of electrogenic Na-Ca exchange. Creep currents may therefore represent the electrogenic activity of a Na-Ca exchange carrier.
The objectives of the experiments described in this paper were to assess the sensitivity of creep currents to a number of compounds that have been shown to inhibit Na-Ca exchange flux activity in isolated sarcolemmal vesicle preparations. In addition, we wanted to examine the relative specificity of these compounds in terms of their ability to also possibly interact with myocardial membrane channels. In this report, we have examined the effects of quinacrine, dodecylamine, and the amiloride analogue, 3',4'-dichlorobenzamil, on creep currents and myocardial Ca and K currents in isolated atrial cells. These compounds are effective inhibitors of Na-Ca exchange flux activity in sarcolemmal vesicle preparations. 21 " 23 Preliminary reports of our results have been published. 24 "
Materials and Methods

Cell Isolation
An enzymatic dispersion technique 26 was used to isolate single myocytes from the right atrium of frog hearts. The technique consists of serial incubations of small (2x2 mm) pieces of right atrium in Ca-free Ringer's solutions containing different enzyme concentrations. Tissue was initially incubated in a Ca-free Ringer's solution that contained 0.15% crude bacterial collagenase (type I, Sigma Chemical Co.) and 0.1% bovine pancreatic trypsin (type III, Sigma Chemical Co.) for 45 minutes. This was followed by a 5-minute incubation in a solution that contained 0.1% bovine albumin (fraction V, Sigma Chemical Co.). The final 30-minute incubation solution contained 0.5% crude bacterial collagenase. The tissue fragments were continuously mechanically agitated during these incubation periods. This procedure yields a high concentration of mechanically quiescent, Ca-tolerant atrial myocytes that have been shown to exhibit normal morphological and electrophysiological properties. 26 
Electrophysiological Measurements
A single suction micropipette technique 27 was used for both current clamp and whole-cell voltage-clamp experiments. Pipette tip resistances ranged from 3 to 8 Mil, and in many experiments, conventional series resistance compensation was used to reduce the uncompensated series resistance to approximately 2 Mft. The small tip diameter of these pipettes (< 1 /im) effectively prevents intracellular dialysis of the pipette solution (2 M potassium gluconate). For convenience, isolated myocytes were Na-loaded by 10-to 15-minute exposure to the ionophore, monensin (10-30 fiM). Identical changes in membrane currents are observed after Na-loading by intracellular dialysis using larger tip diameter pipettes containing 20 mM NaCl. Data were displayed on a storage oscilloscope (Tektronix, model 5103N) and simultaneously recorded on an FM instrumentation recorder (Racal, model 4DS) at a bandwidth of DC to 3 kHz. Both current and voltage records were later digitized off-line with a 12-bit A-D converter (Data Translation, DT2782) at sampling intervals ranging from 0.2 to 3 msec and stored in a laboratory computer for analysis.
Solutions and Drugs
The standard Ringer's solution contained (rnM) NaCl 110, KC1 2.5, CaCl 2 2.5, MgCl 2 5, HEPES 5, glucose 10, and sucrose 15 and was saturated with 100% O 2 . pH was titrated to 7.4 by addition of NaOH, All solutions, in addition, contained tetrodotoxin (3 /LAM), and experiments were carried out at room temperature (22-23° C).
In many experiments, Cd (30 /J.M) or nisoldipine (1 /LtM; Miles Institute, New Haven, Conn.) were used to eliminate i^. Quinacrine and dodecylamine were obtained commercially, and 3',4'-dichlorobenzamil (DCB) was a generous gift from Drs. Siegl and Kaczorowski (Merck Institute, West Point, Pa.). DCB and nisoldipine were dissolved in polyethylene glycol to make 1 mM stock solutions. Polyethylene glycol in the concentrations used had no observed effects on membrane currents. All drug effects reported were obtained after electrophysiological changes stabilized, which occurred after approximately 10-minute drug exposure at each dose tested.
Results
Changes in Membrane Current Produced by Na Loading
Following successful establishment of a gigaseal and membrane rupture; cells were clamped to holding potentials that were close to the resting membrane potential of the cell (-80 to -90 mV; the holding level of current is therefore the zero current level of each cell). Voltage-clamp steps of 200 msec duration were then applied to potentials ranging from -70 to +60 mV (0.33 Hz). Panel A of Figure 1 shows representative membrane currents elicited by a step depolarization to +20 mV before and after Na-loading by 15 minute exposure to the Na ionophore, monensin (M). Under control conditions (in the presence of 3 fiM tetrodotoxin) a transient inward current is observed. This current is sensitive to [Ca] 0 (see Reference 27) and is blocked by a number of organic calcium channel antagonists 2841 and can therefore be identified as a Ca current. Following exposure to the ionophore, an identical voltage-clamp pulse was applied. After Na-loading, the amplitude of i^ seems to be reduced considerably and there appears to be an outward shift in current during the pulse (labelled M). Na-loading also produces what appears to be an inward tail current when the voltage is repolarized back to the holding potential. In order to visualize more clearly the changes in current that are produced by Na-loading, the currents before and after exposure to the ionophore have been digitally subtracted and the difference current is shown (Ai). Na-loading produces an outward current during the voltage-clamp step which partially decays, followed by an inward current that is activated on repolarization of the membrane potential and subsides within 200 msec. These changes in membrane current are similar to the "creep currents" originally identified in cardiac Purkinje fibers after exposure to strophanthidin 17 or low K solutions. 18 The voltage dependence of the creep currents is shown in Panels B and C of Figure 1 The difference between these is plotted in Panel C (o ). Also plotted is the peak amplitude of the inward creep current observed immediately following repolarization to -80 mV as a function of the prepulse potential (X's). All solutions contained tetrodotoxin (3 more positive. The voltage dependence of the outward creep current is very similar to the voltage dependence of tonic tension in these cells, which suggests that the outward creep currents may mediate Ca influx across the sarcolemma. 20 The voltage dependence of the peak amplitude of the inward creep current is also plotted in panel C (+). The amplitude of the inward creep current becomes larger as preceding voltage-clamp pulses are applied to progressively more positive potentials. Similarities in kinetics between the inward creep currents and mechanical relaxation suggest that these currents may mediate Ca efflux across the sarcolemma. 20 Figure 2 shows a typical result obtained with 3',4'dichlorobenzamil (DCB). In this and all subsequent experiments in which the exchange inhibitors were tested for antagonist activity on creep currents, the solutions contained, in addition to tetrodotoxin, a dose of a Ca channel antagonist that would eliminate any confounding influence of overlapping Ca currents. In the experiment shown in Figure 2 , all solutions contained tetrodotoxin (3 /I.M) and cadmium (30 /AM). Panel A shows superimposed membrane currents elicited by a 200-msec duration voltage-clamp pulse to 0 mV before and after exposure of the cell to monensin. With both i Nl and i,-, pharmacologically blocked, there are no distinctive time-dependent changes in current observed during the voltage-clamp pulse. However, after Na-loading, both outward and inward creep currents are observed. These are also shown as the digitally subtracted difference current (Ai). Experiments such as this convincingly demonstrate that the creep currents that often overlap in time with Ca currents (e.g., Figure 1 ) are indeed conductances that are separate and distinct from myocardial Ca channels. A similar voltage dependence of the outward and inward creep currents is observed in the presence of Ca channel blockade (Panel B).
Effects of Exchange Inhibitors on Creep Currents
In the continued presence of the ionophore, the cell was exposed to 30 /AM DCB (Panels C and D). This dose of DCB was sufficient to nearly completely block both the outward and inward creep currents (currents recorded before exposure to the ionophore-and after exposure to the ionophore and DCB are superimposed). Both the outward and inward creep currents induced by Na-loading atrial cells were eliminated over the entire voltage range examined (Panel D). The ability of this compound to inhibit the creep currents must be independent of any effects on either i N , or i^, since these experiments were carried out in the continuous presence of inhibitors of these membrane channels.
In order to examine dose-dependent inhibition of the creep currents by DCB, a number of cells were first Na-loaded by 10-minute exposure to 30 /AM monensin, and then cumulative doses of DCB were superfused in the continued presence of monensin. Inhibition of the peak amplitude of the inward creep current following a depolarizing pulse to +60 mV was normalized in each cell to the maximum amplitude ob- served before exposure to the antagonist. The dose-response relation for inhibition of the inward creep current by DCB is shown in Figure 3 , Panel A. These experiments were carried out in a total of 8 cells under identical experimental conditions. The estimated Ki for DCB from these experiments is 4 /AM. For comparison, the estimated Ki for inhibition of Na-depen-dent Ca uptake by DCB in guinea pig heart sarcolemmal vesicles is 17 /xM. 22 Two other exchange carrier inhibitors, dodecylamine and quinacrine, were also examind for possible inhibitory activity on creep currents. Both of these compounds also are relatively potent inhibitors of creep currents in isolated atrial cells. B and C, give approximate Ki's for inhibition of inward creep currents of 3 (JLM for dodecylamine (9 cells) and 10 /iM for quinacrine (18 cells) . Estimated Ki's for inhibition of Na-dependent Ca uptake in sarcolemmal vesicles are approximately 20 /JM for dodecylamine 29 and 10-25 /xM for quinacrine. 21 
Effects of Exchange Inhibitors on Action Potentials and Membrane Channels
Considerable interest in recent years has been focussed on the discovery of compounds that might exhibit potent inhibitory activity against the sarcolemmal Na-Ca exchange carrier. Such compounds might prove to be useful tools for gaining an understanding of the physiological role of such an exchange mechanism in excitation-contraction coupling in the heart as well as the mechanism of action of a variety of inotropic agents. To be useful for these types of studies, however, such compounds must, in addition, exhibit some degree of selectivity for the carrier. The three exchange carrier inhibitors examined in our experiments are relatively potent inhibitors of creep currents. These results are consistent with the hypothesis 20 that creep currents are generated by an exchange mechanism. It is important, however, also to determine how selective this activity may be.
Creep currents are induced in frog as well as mammalian cardiac preparations by a variety of experimental interventions that have in common the ability to produce an elevation of [Na],. 17 "" Outward creep currents are observed at positive membrane potentials; inward creep currents are observed when the potental is repolarized (e.g., Figures 1 and 2) . These changes in membrane current should produce predictable alterations in the action potential. Figure 4 , Panel A, shows the changes in the slow response action potential (in the presence of tetrodotoxin) produced by Na-loading an atrial cell. After exposure to the ionophore, monensin, there is a decrease in overshoot, plateau height, and a prolongation of the terminal portion of the repolarization phase. These changes are consistent with B DCB 8 IJ
lOOnit FIOURE A. Comparison of the effects of Na-loading and DCB on slow response action potentials recorded from isolated frog atrial cells. Panel A shows superimposed slow responses recorded under control conditions (C) and after 15-minute exposure to monensin (M; 30 fiM). Panel B shows superimposed slow responses recorded from another atrial cell before (C) and following exposure to 3',4'-dichlorobenzamil (DCB; 5 fiM).
Action potentials were elicited by intracellularfy applied 1 -msec stimuli using a bridge circuit (not shown). All solutions contained 3 iiM TTX. previously described alterations in membrane current produced by Na-loading. Panel B of Figure 4 illustrates the effects of DCB on the slow response action potential. DCB also reduces the overshoot and the plateau height, and prolongs repolarization. Surprisingly, two interventions that presumably have opposite effects on the exchange carrier produce similar alterations in the action potential. This raises an important question regarding the specificity of DCB action on the carrier.
In other experiments in which the ability of DCB to block the creep currents was examined, we also obtained results that raised the question of specificity. Figure 5 shows results from an experiment in which the ability of DCB to block the creep currents was tested. In this experiment, however, a Ca channel antagonist was not present. DCB blocked both the outward and inward creep currents but, in addition, appeared also to block i^. If DCB were only blocking the outward creep current during the voltage clamp pulse, then i^, which in this case overlaps with the outward creep current, should have remained unaffected. This observation prompted a series of experiments in which we examined the possibility that DCB might also directly interact with myocardial Ca and K channels.
In Figure 6 (Panel A), a 5-second duration voltage clamp pulse was applied to an atrial cell from a holding potential of -60 mV to + 20 mV. In this experiment, the Ringer's solution contained only tetrodotoxin (3 /LIM) to block i N , (ionophore was not present). In response to this depolarization, i^ is activated initially, followed by the slow activation of the delayed outward K current. 27 When the potental is returned to -60 mV, an outward tail current associated with i K can be observed. After exposure of the cell to DCB (5 (J.M), an identical voltage-clamp pulse was applied to the cell (Panel B). This dose of DCB completely eliminated ic, and it reduced the amplitude of the K tail current by approximately 40%. This is direct evidence that DCB, in addition to its ability to block Na-Ca exchange activity, is also an antagonist of myocardial Ca and K channels. It is likely that the ability of DCB to block both myocardial Ca and K currents is due to a direct interaction with each of these membrane channels since the delayed K current in this preparation is not activated by (Ca),. 28 In a number of cells, similar experiments were carried out to determine the dose range over which DCB inhibits Ca and K currents. Following control measurements, cells were exposed to cumulative concentrations of DCB. The peak magnitude of i^ and the K tail current were measured at each dose and normalized with respect to amplitudes observed under control conditions in each cell. The dose-response data for inhibition of I Q , and i K compiled from 22 cells using this clamp protocol is summarized in Figure 7 . The approximate Ki for inhibition of i a was 0.8 /AM. Block of i K was more variable, but generally, 30-40% inhibition occurred at a dose of 5 fiM. These results indicate that DCB is an effective antagonist of myocardial Ca and K channels over the same concentration range in 
. Effect of DCB on creep currents in the absence of Ca channel antagonists. Panel A (top traces) shows superimposed membrane currents recorded in response to voltage clamp pulses
to +10mV under control conditions (C) and after exposure to 30 pM monensin (M); middle trace is difference current (&i); bottom trace is membrane voltage. Na-loading resulted in the development of both outward and inward creep currents similar to those shown in Figure 1 . In the continued presence of monensin, the cell was exposed to 3', 4'dichlorobenzamil (Panel B) . In this case, membrane currents elicited by the same voltage clamp pulse as in Panel A are shown; currents recorded in the presence of monensin alone and after monensin and DCB (5 (JLM) are superimposed. DCB, in addition to eliminating the creep currents also appears to block i Ca ; see text.
which block of creep currents and exchange carrier flux activity occurs.
The interactions of the two other exchange carrier inhibitors, dodecylamine and quinacrine, with myocardial Ca and K channels, were not examined in any detail. However, the experiment shown in Figure 8 indicates that dodecylamine is also a potent inhibitor of myocardial Ca and K currents. Panel A shows the effect of dodecylamine (5 /iM) on an atrial action potential. Like DCB, there was a decrease in overshoot and plateau height, as well as a prolongation of repolarization. These changes are consistent with inhibition of membrane Ca and K currents. In Panels B and C, a voltage-clamp experiment, similar to that de- . Effect of DCB on myocardial Ca and K currents in the absence of Na-loading. Current trace shown in Panel A was recorded from an atrial cell that was held at -60 mV and depolarized to +20 mV for 5 seconds. Initially, inward I'Q, is activated followed by the delayed activation of i K . In Panel B, identical clamp pulse was applied to the same cell after 10minute exposure to 3' ,4'-dichlorobenzamil (5 fiM). The amplitude of I'C way greatly attenuated and the amplitude of i K was reduced significantly compared to control (A). All solutions contained 3 fiM TTX. scribed in Figure 7 , demonstrates that dodecylamine (5 fiM) is also a potent inhibitor of Ca and K currents. This dose is also similar to doses that have been shown to produce blockade of myocardial creep currents (Figure 3) as well as exchange carrier flux activity.
Discussion
Creep currents induced by Na-loading atrial cells are remarkably similar to membrane currents that have been predicted to result from the operation of an electrogenic Na-Ca exchanger. 330 In this model, the exchanger would be expected to produce an outward current at potentials positive to the reversal potential (E M ) of the exchanger which would be associated with . Dose-dependent block of myocardial Ca and K currents by DCB in the absence of Na-loading. Current-voltage relations were generated by application of 5-second clamp pubes to potentials ranging from -50 to + 60 mV under control conditions and then again after addition of cumulative doses of 3' ,4'-dichlorobenzamil. The peak amplitude ofi Ca (triangles) and i K tail current (X's) at each dose were normalized with respect to the largest amplitudes observed in the absence of drug. Data accumulated from a total of 22 atrial cells; each cell was exposed to one or two different concentrations of DCB following control measurements (3 pM TTX throughout FIGURE 8 . Effect of dodecylamine on slow responses and myocardial Ca and K currents in the absence ofNa-loading. Panel A shows the effects of 5 yM dodecylamine on an atrial cell slow response action potential. i Ca and i K in an atrial cell elicited in response to 5-seconds depolarization to +20 mV before (Panel B) and after exposure to 5 fiM dodecylamine (Panel C). Both z'c and i K were greatly attenuated by this dose of dodecylamine.
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Ca influx into the cell; at potentials negative to E CI , an inward current associated with efflux from the cell is expected. Consistent with these predictions, we observe that a strong mechanical contraction accompanies the outward creep current even in the presence of Ca channel antagonists. It is noteworthy that a smaller volume of sarcoplasmic reticulum exists in frog atrium compared to most mammalian species 31 and that most of the Ca required to activate contraction is believed to be due to influx from the extracellular space. 232 The absence of transient inward currents (TVs) and aftercontractions in frog atrial cells is consistent with a smaller volume of sarcoplasmic reticulum in this species. 33 Based on similarities between the voltage dependence of the outward creep current and the known voltage dependence of tonic tension in this preparation, it has been suggested that the outward creep currents mediate Ca influx into the cell via the exchanger operating in the reverse mode. 20 Coincident wth the decay of the inward creep current, mechanical relaxation occurs, suggesting a role for the inward creep current in bringing about Ca efflux" across the sarcolemma. In addition to these similarities, the dependence of creep currents on [Na] 0 and [Ca] 0 , as well as reversal potential measurements of creep currents are all consistent with the hypothesis that creep currents are mediated by an exchange carrier. 19M The observed sensitivity of creep currents to three compounds that have been shown to block Na-Ca exchange flux activity in sarcolemmal vesicles is additional evidence suggesting that creep currents represent the electrogenic activity of a Na-Ca exchange mechanism.
Amiloride and a number of its analogs are potent diuretics and are effective inhibitors of Na channels in epithelial membranes 34 as well as the Na-H exchanger. 33 The biological activity of two classes of structural analogs of amiloride have been examined. One class of analogs involves substitution at the 5-ring nitrogen of the pyrazine ring, which reportedly increases inhibitory activity against Na-H exchange. Another class of analogs involves a benzyl substitution on the terminal nitrogen of the guanidinium group which decreases inhibitory activity against Na-H exchange but in-creases inhibitory activity against Na-Ca exchange in brain synaptosomes 3 * 37 and cardiac sarcolemmal vesicles. 22 3',4'-dichlorobenzamil (DCB) is one of the more potent inhibitors of Na-Ca exchange flux activity in this series. It has also been shown that DCB produces a negative inotropic effect and blocks the positive inotropic effects of both ouabain and veratridine in guinea pig papillary muscle at concentrations that effectively block Nandependent Ca uptake in vesicles. 22 In terms of specificity of action, DCB does not substantially inhibit either ATP-dependent Ca transport or ouabain-sensitive Na,K-ATPase activity in heart sarcolemmal vesicles over the concentration range in which Na-Ca exchange flux activity is inhibited. In GH 3 cells, 40% inhibition of whole-cell calcium currents was observed at 100 fiM DCB. 36 Direct interactions of DCB with myocardial membrane channels has not been previously examined in any detail.
Our results have shown that DCB is a potent inhibitor of creep currents in isolated atrial cells. The approximate Ki was 4 /AM, which is about four times lower than the Ki estimated for inhibition of Na-dependent Ca uptake in sarcolemmal vesicles. One possible explanation for the higher potency of DCB for inhibition of the creep currents is that DCB interacts with a particular site on the carrier and that not all of the carriers in the vesicular membranes are oriented in the same direction. However, an exact correlation between the Ki values may not necessarily be expected due to differences between the two preparations as well as differences in exposure times to the inhibitors. Earlier results 22 have suggested that DCB may asymmetrically affect Na-Ca exchange in cardiac cells; however, we did not observe any difference in the ability of DCB to inhibit outward vs. inward creep currents, which presumably represent different directions of Ca flux (modes) mediated by the carrier. Our results also indicate that DCB affects other routes of Ca entry across the sarcolemma. Over the same range of concentrations in which inhibition of creep currents is observed, DCB also inhibits myocardial Ca channels. An additional, but less consistent, inhibition of the plateau K current was also observed at these concentrations. The effects of DCB on the delayed K current may be con-sistent with earlier observations that amiloride, in higher doses, delays repolarization in canine cardiac Purkinje fibers. 38 The multiplicity of action of DCB may be related to the hydrophobic nature of the molecule and the fact that it will accumulate intracellularly with time. 22 Two other exchange carrier inhibitors, dodecylamine and quinacrine, were also studied and found to exhibit relatively potent inhibitory activity against myocardial creep currents. Dodecylamine is a positively charged amphiphile, which may be expected to become incorporated into the external lipid phase of the saracolemmal membrane and significantly influence Ca binding. 23 Such an effect might be expected to result in rather nonspecific alterations in membrane transport function. However, in contrast to a number of other amphiphiles, dodecyltrimethylamine did not alter surface Ca binding to vesicles, suggesting that its interaction with the carrier protein may be more direct. Our experiments demonstrate that the closely related compound, dodecylamine inhibits myocardial Ca and K currents. It is perhaps not too surprising that dodecylamine is an effective blocker of myocardial K currents since it is well known that alkylammonium compounds are potent inhibitors of K currents in nerve and muscle membranes. 39 We did not examine the specificity of quinacrine; however, this compound has been shown to be an inhibitor of both Na and K channels in nerve. 40 In conclusion: The ability of the exchange carrier inhibitors to block myocardial creep currents may be considered to be evidence that is supplemental to the physiological properties recently described,' 92° which suggest that creep currents reflect the activity of an exchange carrier mechanism. It is apparent that the multiplicity of actions of these compounds prevents their experimental use as the sole basis for elucidating the possible role of Na-Ca exchange in a variety of physiological processes. Results from studies using these compounds as such experimental probes must be interpreted with some caution.
